A 1/12°, 2-D barotropic tide model was used to examine the characteristics of barotropic tides and to improve the accuracy of predicting tidal sea levels and currents in the seas around Taiwan. The form ratio suggests that tides are predominantly semidiurnal in the northern reaches of the Taiwan Strait and mixed of diurnal and semidiurnal elsewhere around Taiwan. When the dominant M 2 wave enters the Strait from the north, its amplitude is magnified to ~2 m in the middle, and then decreases rapidly toward the south end of the Strait. The predominance of diurnal tides along the southwest to the south coast of Taiwan is attributed to the quasi-resonance of diurnal waves in the South China Sea. The tidal range is small and tidal currents are weak off the east coast of Taiwan. Barotropic tidal energy is mostly dissipated on the shallow banks of the southwestern Strait. Results summarized from sensitivity tests on the bottom drag coefficient (C D ) and horizontal eddy viscosity (A M ) indicate that C D = 0.0015 -0.00175 and A M = 150 m 2 s -1 lead to the best model-data fit when compared to the observed tidal sea levels at ten reference tide-gauge stations around Taiwan. The averaged root-mean-squared (RMS) differences of the simulated tidal sea level for the six principal constituents of O 1 , P 1 , K 1 , N 2 , M 2 , and S 2 are significantly reduced to 1.3, 0.7, 2.0, 1.6, 5.1, and 3.1 cm, respectively, compared to that calculated from a 0.5° resolution global tide harmonic constant database, NAO.99b (Matsumoto et al. 2000) . The averaged RMS differences of barotropic tidal currents (U, V) for O 1 , K 1 , M 2 , and S 2 are (0
INTroducTIoN
Barotropic tides in East Asian waters ( Fig. 1) have been studied at great length using observed tidal sea levels and currents supplemented with numerical tide models. The purpose of these investigations can be categorized into two groups, an analysis of the dynamics responsible for tidal wave behavior (e.g., Ye and Robinson 1983; Yanagi and Takao 1998; Fang et al. 1999; Jan et al. 2002; Jan et al. 2004a) ; and improvement in the accuracy of the numerical tide model (e.g., Kang et al. 1998; Lefevre et al. 2000; Matsumoto et al. 2000; Jan et al. 2004b ). As summarized from these studies, barotropic tidal waves are dominated by semidiurnal constituents in the Northwest Pacific Ocean which propagate essentially westward to the East China Sea (ECS) and to the semi-enclosed South China Sea (SCS). When the tidal waves propagate onto the shallow shelf of the ECS, the dominant waves remain semidiurnal and their amplitude is magnified due to quarter wave resonance. When the tidal waves propagate into the SCS through the Luzon Strait, the dominant waves become diurnal, which is also due to quarter wave resonance for diurnal tides in the SCS. The semidiurnal tidal waves in the ECS split into two directions as they approach the coast around the Chang River (aka Changjiang or Yangtze River) mouth, with one propagating northward to the Yellow and Bo Seas and the other going southward to the southern end of the Taiwan Strait. The diurnal tidal waves in the SCS, on the other hand, are significantly amplified after propagating through the Luzon Strait.
According to published co-tidal charts (e.g., Fang et al. 1999; Lefevre et al. 2000) , tidal amplitude is relatively large (> 2 m) along the west coast of Korea and in the Taiwan Strait. The associated barotropic tidal currents are exceptionally strong (> 1 m s -1 ) along the west coast of Korea and the northern coast of Taiwan and on the shallow bank in the southwestern Taiwan Strait. Several amphidromic points present in the Yellow Sea and the Gulf of Thailand.
The accuracy of the simulated tidal sea levels is often evaluated by the root-mean-squared difference (hereafter the RMS difference) between the observed and modeled tidal sea levels. This study compared the RMS difference between different tide models for the primary semidiurnal and diurnal constituents, i.e., M 2 and K 1 . Lefevre et al. (2000) conducted a numerical model study using a finite element model (hereafter FES94.1) for tides in the Yellow and East China Seas. The distance between two nodes is approximately 30 km in the deep ocean and 5 km along coastlines. The RMS differences of FES94.1 simulated M 2 and K 1 tides are approximately 15.8 and 5.1 cm, respectively, in the seas around Taiwan. Similar discrepancies for sea levels calculated by the Center for Space Research global model with 0.5° grid resolution (hereafter CSR4.0) developed by Eanes and Bettadpur (1996) are 17.7 cm (M 2 ) and 1.9 cm (K 1 ). The RMS discrepancies of a two-dimensional (2-D), 0.5° resolution global tide model with the assimilation of TOPEX/ Poseidon altimeter data (hereafter NAO.99b) developed by Matsumoto et al. (2000) are 15.2 and 2.6 cm respectively for M 2 and K 1 . By comparison, the respective performance of the three models is mixed. The spatial differences of amplitude for M 1 and K 1 between NAO.99b and CSR4.0 were further compared, as shown in Fig. 2 . Distinct discrepancies, especially for M 2 , appear in the coastal region adjacent to the southeast coast of China and in the Taiwan Strait where the difference is as large as 16 cm. Moreover, a generally accepted concept in tidal simulation is that it is difficult to simulate tides accurately in the coastal regions with a globalor basin-scale tide model. A major cause for the model-data mismatch is the truncation error in the model topography due to insufficient horizontal grid resolution. The aforementioned comparisons and concerns justify the need for a more accurate simulation using a higher resolution regional tide model for barotropic tides around Taiwan.
Accurately calculated tides have many applications, including the calculation of ocean tide loading, the removal of barotropic tidal currents from measured ocean current velocities and data correction on a bottom depth measurement. Thus, the objectives of this study are to summarize the characteristics of barotropic tides using observations and model results, and to increase the accuracy of simulated tides as compared to NAO.99b, particularly for the sea around Taiwan. To achieve these objectives, a 1/12°, 2-D tide model, covering each of the East Asian seas, is developed. A harmonic constant database of barotropic tidal sea levels and currents for fifteen tidal constituents are established along with this study.
dATA ANd ANAlySeS
This study concentrates on the simulation of tides in seas around Taiwan between 116 -125°E and 18.5 -28°N (the solid rectangle in Fig. 1 ). Tidal sea levels measured at twenty coastal and island tide-gauge stations around Taiwan (see Fig. 3 for their locations) were collected for this study. Hourly data was used to calculate the harmonic constants using the harmonic analysis method described in Foreman and Henry (1977) . The tidal phase in this study refers to Greenwich Mean Time (GMT). Current velocities mea- sured at six bottom-mount acoustic Doppler current profiler (ADCP) stations in the Taiwan Strait (Fig. 3) during the project of the Taiwan Strait Nowcast Study (TSNOW) were also utilized to validate the simulated tidal currents.
Results derived from the harmonic analysis suggest that, on average, the fifteen largest dominant tidal constituents are M 2 , S 2 , K 1 , O 1 , N 2 , P 1 , K 2 , L 2 , ν 2 , Q 1 , μ 2 , T 2 , 2N 2 , J 1 , and OO 1 . The summation of the first six constituents generally accounted for more than 90% of the tidal sea level variation. Table 1 lists the harmonic constants for the six principal constituents, O 1 , P 1 , K 1 , N 2 , M 2 , and S 2 , at each tidal station. Along the east coast of China, the tidal amplitude of the dominant M 2 reaches a maximum value, ~200 cm, near stations MT and WC. Around the coast of Taiwan, the tidal amplitude peaks near TC, ~200 cm, then decrease towards the northern and the southern tip of Taiwan; the amplitude is small, ~50 cm, along the east coast of Taiwan (LD, HL, CG, and KT). Table 2 lists the harmonic constants of depth-averaged current velocity components U and V for four primary constituents, O 1 , K 1 , M 2 , and S 2 . Tidal currents at the six mooring sites are dominated by the M 2 tide, and are nearly aligned along the longitudinal axis of the strait. Barotropic tidal currents are very strong (~0.7 m s -1 ) at the north end of the Penghu Channel (PHC) but relatively weak (< 0.06 m s -1 ) off the middle-west coast of Taiwan (WC4). The K 1 tidal currents are relatively small (< 0.1 m s -1 ) and mostly align along the axis of the strait.
Model deScrIPTIoN
The tide model developed in this study was modified from the Princeton Ocean Model which was originally described in Blumberg and Mellor (1987) . The model is a depth-integrated, nonlinear, two-dimensional model with the addition of tidal forcing. After taking the vertical integration, the governing equations are as follows. 
where D ( = H + η) is total ocean depth, t is time, H is mean ocean depth, η is sea level variation, (U, V) represent the depth-averaged horizontal velocities in the x and y directions, f is the Coriolis parameter, A M is horizontal viscosity, ( F x b , F y b ) are bottom stress components in the x and y directions, β (= 0.940 for diurnal tides and 0.953 for semidiurnal tides) represents the ocean tide loading which is caused by the deformation of the Earth due to the weight of the ocean tides (Foreman et al. 1993) , ζ is adjusted height of equilibrium tides, and g is the gravitational acceleration. Note that different tidal models may adopt different β. For example, in the model provided by Niwa and Hibiya (2004) , β is assumed to be 0.9 according to Ray (2001) . Indeed, β is in Table 2 . Tidal current harmonic constants for U and V derived from the model results at the six ADCP stations of O 1 , P 1 , K 1 , N 2 , M 2 , and S 2 (A U and A V : amplitudes in cm s -1 , GU and GV: phase in degree; reference time for phase: GMT). general not a constant and Ray and Cartwright (1998) suggest that serious errors are sustained by assuming that it is, particularly for tidal models which do not use data assimilation. Nonetheless, the choice of a constant β simplifies tidal modeling, and the errors introduced by this approximation are not overly large for most applications (Kantha and Clayson 2000) . The staggered Arakawa C grid was used for the variable arrangement. The bottom stress components are calculated as
where C D is a non-dimensional drag coefficient. According to the formulation described in Pugh (1987) , the adjusted height of the equilibrium tide is defined as
where f c is the nodal factor; ω c is the frequency of the corresponding tidal constituent; V 0 is the initial phase angle of the equilibrium tides; μ is the nodal angle; m = 1 or 2 accounts for the diurnal or semidiurnal constituents, respectively; λ is longitude; subscript c represents the tidal constituent; and H c (= A eq sin2φ or A eq cos 2 φ for diurnal or semidiurnal tides, φ: latitude) is the amplitude of the equilibrium tides multiplied by the factor 1 + k -h (k and h are Love numbers which are the elastic response and the redistribution of the mass of earth). Table 3 lists A eq for diurnal and semidiurnal constituents, respectively.
The model was bounded from 99.25 to 135.25°E and from 2.25 to 43.25°N with 1/12° horizontal resolution (Fig. 1) . The accuracy of the simulated barotropic tides depended not only on the model itself and the grid resolution but also on the accuracy of the model topography. The bottom topography was established using the revised ETOPO2 (which can be downloaded at http://www.ngdc.noaa.gov/ mgg/global/relief/ETOPO2/ETOPO2v2-2006/ETOPO2v2c/) supplemented with a 1-min depth archive in the region of 105 -135°E and 2.25 -35°N provided by the National Center for Ocean Research (NCOR) of Taiwan. The homogeneous ocean was initially motionless. Subsequently, the model was driven by tidal forcing and prescribed tidal sea levels on all open-ocean boundaries through a forced radiation condition similar to that adopted by Blumberg and Kantha (1985) as
where n is the normal direction, C ( gD = ) is the phase speed of a shallow water gravity wave, η pre is the prescribed tidal sea level on open boundaries, and T f is a damping time scale. The term on the right of Eq. (6) indicates damping which tends to force η to η pre on open boundaries with a damping time scale of T f . According to the explanation in Blumberg and Kantha (1985) , T f = 0 corresponds to a clamped boundary condition for η in which no disturbances are allowed to pass through the boundary. When T f tends to be infinity, it represents a pure radiation condition which renders an open boundary transparent to waves propagating in the positive n direction with phase speed C. In this study, we adopted T f = 120 s. A zero normal gradient condition, ( , ) U V n 0 2 2 = , was applied to the depth-averaged tidal current velocity on the open boundaries. The tidal sea levels on open boundaries were composed using the harmonic constants of NAO.99b at every 0.5° grid. Tidal sea levels at grids between two successive 0.5° grids were linearly interpolated. Fifteen tidal constituents were simulated and analyzed individually using the model. The mass conservation is typically not a concern in tidal models, especially the volume in a regional tidal model with open boundaries is not necessary to be conserved at each time step. However, the mean sea level which is zero initially in a regional tidal model may drift to a non-zero state after a long time (> 28 days) integration due to round-off and truncation errors. Thus our tidal model computed the mean sea level anomaly and compensated this value to the sea level at each sea grid every 15 days.
reSulTS ANd dIScuSSIoN
This section presents and discusses the results of the preliminary model runs with A M = 200 m 2 s -1 and C D = 0.0025. These model runs neither fine tuned nor assimilated tidal sea levels into the model. The co-tidal charts of the principal semidiurnal M 2 and diurnal K 1 constituents are compared with those from NAO.99b. Figure 4 shows the spatial distribution of tidal amplitude and phase of this study and of NAO.99b for M 2 and K 1 in our simulation domain. For M 2 , the co-tidal chart derived from the model run agrees relatively well with that of NAO.99b (Fig. 4a) . Two amphidromic points present in the Yellow and Bo Seas and one in the Gulf of Thailand. The spatial variation of the co-phase line indicates that the tidal wave propagated westward from the Pacific Ocean into the East China and Yellow Seas and into the South China Sea through the Luzon Strait. The tidal amplitude is magnified on the shallow East China Sea and decreases as the wave propagated towards the southern SCS.
However, the results of the comparison on K 1 are mixed, i.e., fairly well in the Pacific Ocean and the ECS, but rather unsatisfactorily in the SCS. Compared with NAO.99b, tidal amplitude in the SCS is overestimated by ~100%. This is a considerable discrepancy although the absolute difference in amplitude is merely ~20 cm. The lack of energy conversion from the barotropic tides to the generation of the baroclinic tides in the Luzon Strait possibly leads to the overestimation (Jan et al. 2007 ). Regardless of the discrepancy in the SCS, the fast changing and slow varying of the phases, respectively, in the Luzon Strait and SCS and the increase of amplitude in the SCS suggest that the K 1 tide is a quasi-resonant wave. The comparison between ours and the co-tidal charts of NAO.99b suggests the need for fine tuning and data assimilation for better simulation of the diurnal tides in the SCS using a 2-D model. Indeed, in the conclusion of Jan et al. (2007) , it was emphasized that a 2-D model could not simulate tidal sea levels satisfactorily without data assimilation in a region of vigorous baroclinic tide generation.
Since one of the objectives of this study is to improve the accuracy of the model results around Taiwan, we assimilate tidal sea levels composed from harmonic constants of NAO.99b at deep water (depth > 200 m) and from those at ten of the twenty tide-gauge stations (circles in Fig. 3) to the model. The RMS discrepancies of modeled and NAO.99b-composed tidal sea levels at the other ten of the twenty coastal tide-gauge stations (triangles in Fig. 3) are evaluated with the observations as below. were performed. The accuracy of the simulated tidal sea levels and currents was evaluated with a commonly used parameter, the RMS difference, which considers both amplitude and phase differences between observations and model results, and is defined as
Sensitivity runs for
where
is tidal sea level composed by observed harmonic constant (a M and a O are modeled and observed amplitudes, φ and { are modeled and observed phases, and ω is tidal period in rad), N = integer [T (tidal period in minute)/∆t] is data number in a tidal period with time interval ∆t (= 10 minute). Tidal sea levels obtained at the other ten of the twenty tide-gauge stations (triangles in Fig. 3 ), which are not assimilated into the model, and the depth-averaged tidal currents at the six bottom-mount ADCP stations are used as references for the evaluation.
The RMS difference of the tidal sea levels, averaged over the ten tide-gauge stations, and of tidal current speed and direction, averaged over the six ADCP stations, was normalized by the minimum value for each constituent. The normalized RMS difference for the three variables for the six constituents (O 1 , P 1 , K 1 , N 2 , M 2 , and S 2 ) were then multiplied together, i.e., RMS η × RMS speed × RMS direction ; the 
Model runs with Tidal Sea level Nudging
To improve the accuracy of the model results, the observed tidal sea levels at the ten tide-gauge stations that were not used for the evaluation were assimilated into the model simply through
is the modeled tidal sea level, η O is the observed tidal sea level and ε (0 -1) is the nudging factor: the closer the ε to 1, the stronger the data assimilation. We used ε = 0.25 here to retain the model physics in the lowest order. Sea levels composed from harmonic constants of NAO.99b at depths > 200 m were also assimilated into the model through the formula described above by replacing η O with that composed from NAO.99b. Figure 6 shows co-tidal charts and barotropic tidal current ellipses derived from the fine-tuned model results for O 1 , P 1 , K 1 , N 2 , M 2 , and S 2 . The corresponding tidal wave characteristics and associated dynamics of the six constituents in this region have been delineated in many papers (e.g., Yanagi and Takao 1998; Fang et al. 1999; Jan et al. 2002) . Briefly, tides over the ECS shelf and the Taiwan Strait are dominated by the semidiurnal M 2 constituent, and its maximum amplitude, ~2 m, appears in the middle section of the Taiwan Strait. The abrupt decrease in M 2 amplitude in the southern Taiwan Strait has been attributed to the sudden deepening of the topography there (Jan et al. 2004a ). The predominance of diurnal tides rather than semidiurnal tides south of Taiwan and in the SCS is clearly seen in Fig. 6 .
To quantify the dominant type of tides in the seas around Taiwan, we calculated the form ratio (F r ) which is defined as an amplitude ratio of (O K ) (M S ) Figure 7 shows the spatial variation of the form ratio, which indicates that tides are predominantly semidiurnal in the northern half of the Taiwan Strait, diurnal in the central SCS, and mixed elsewhere.
Harmonic constants of the fifteen constituents derived from carefully tuned model results were summarized into a database (hereafter TWTIDE08) for various applications. Figure 8 illustrates the comparison of the mean RMS difference for the fifteen constituents calculated using tidal sea levels composed by harmonic constants of NAO.99b, CSR4.0 and this study. It is readily seen that the RMS difference of M 2 is greatly reduced as compared to that calculated from NAO.99b and CSR4.0 (5.1 cm vs. 13.3 and 18.4 cm). The significant improvement partially results from a better accuracy depth dataset for the ocean bottom topography around Taiwan. The comparisons for the other constituents suggest that the RMS differences are reduced except for O 1 and J 1 . The RMS differences of our O 1 and J 1 , which are 0.5 and 0.2 cm, respectively, are slightly larger than that of NAO.99b. However, this does not affect the fact that the accuracy of the tidal sea levels composed by TWTIDE08 is superior to that composed by NAO.99b or CSR4.0 in the seas around Taiwan.
Since NAO.99b and CSR4.0 do not provide harmonic constants for the barotropic tidal currents, we merely calculated the RMS difference for the U and V components at the six ADCP stations. Table 4 lists the RMS difference of (U, V) for O 1 , K 1 , M 2 , and S 2 . The model-data differences are larger for V of O 1 (6.88 cm s -1 ) at WC3, U of K 1 (2.52 cm s -1 ) at PHC and both U of M 2 (15.39 cm s -1 ) and S 2 (5.86 cm s -1 ) at PHC. The largest RMS difference at station PHC may be caused by the rapid change in bottom depth in the northern reaches of the Penghu Channel. The consequent truncation error in model topography is likely one of the discrepancy sources. The discrepancy may also be caused by the exclusion of the baroclinic tidal currents in the 2-D model, which may affect the depth-averaged tidal current. In reality, baroclinic tides could be generated by the strong tidal current flowing over the steep-rising topography in the vicinity of station PHC (see Fig. 3 ). Nonetheless, the relative difference at PHC is acceptable when compared with the harmonic constants of (U, V) in Table 2 . The simulated tidal currents at WC1 have the largest relative error, which may be attributed to the poor resolution of the complex local coastal geometry.
energetics of Barotropic Tides
Tidal energetics (i.e., barotropic tidal energy flux and energy dissipation rate) are useful parameters for discussing the dynamics of tidal waves. The barotropic tidal energy flux along x and y directions was calculated as g U 0 t ĥ h and g V 0 t ĥ h, respectively, where 0 t is a reference density of seawater and the angle brackets indicate the time mean of a tidal cycle. The energy dissipation rate per unit area due to bottom friction was calculated by the formula, ( , )
A . Figure 9 shows the tidal cycle averaged barotropic energy flux and the associated area-integrated bottom frictional dissipation rate for O 1 , K 1 , M 2 (upper panel), P 1 , N 2 , and S 2 (lower panel). As shown in Fig. 9 , the tidal waves in this region are primarily supported by the O 1 , K 1 , and M 2 constituents. Among the three constituents, M 2 possesses the largest energy flux, ~150 kW m -1 , in the northwest Pacific Ocean, the ECS shelf and the Taiwan Strait. The westward-propagating energy fluxes of O 1 and K 1 are comparable in the Luzon Strait and the northern SCS, which support barotropic tidal motion in the SCS. The energy flux shown in Fig. 9 indicates that the dominant tide in the Taiwan Strait is a southward-propagating M 2 . Only a small fraction of northward-propagating M 2 energy flux turns anti-cyclonically around the southern tip of Taiwan and then reaches the southwestern Taiwan Strait. This feature indicates that tidal characteristics in the Taiwan Strait are controlled by the interaction between the southward-propagating M 2 wave and the abruptly deepening topography in the southern Strait (Jan et al. 2004a ) rather than by the collision of two opposite waves proposed by Juang et al. (2001) and Lin et al. (2001) . Figure 9 also indicates that a higher M 2 barotropic tidal energy dissipation rate due to bottom friction occurs over the shallow shoal in the southwestern Taiwan Strait, at the northern and southern tips of Taiwan, and along the Ryukyu Island Chain and two topographic ridges in the Luzon Strait (Fig. 9 ). This aspect of the spatial distribution applies not only for M 2 but also for O 1 , P 1 , K 1 , N 2 , and S 2 . Since the bottom stress and associated bottom dissipation rate depends only on C D and velocity [Eq. (4)], the high dissipation rate regions expectedly locate on the shallow shelf and abrupt topographic rise due to the conservation of flow volume transport and around a headland such as that of the southern and northern tips of Taiwan due to a nonlinear effect (Geyer and Signell 1990 ) (see tidal current ellipses in Fig. 6 ). The dissipation rate ranges between 50 to 80 MW m -2 (1 MW = 10 6 W) in those regions for M 2 . In comparison with M 2 , the energy dissipation due to bottom friction is quite small (< 4 MW m -2 ) for the other five constituents. The area-integrated mean rates of bottom dissipation in the area from 116 to 126°E and from 18 to 28°N are 0.120, 0.450, 0.399, 0.263, 22.390 , and 1.103 GW (1 GW = 10 9 W) for O 1 , P 1 , K 1 , N 2 , M 2 , and S 2 , respectively. It should be noted that, due to the lack of barotropic to baroclinic tidal energy conversion in a 2-D tide model, the above-mentioned dissipation mechanism in the shallow water region cannot be regarded as the real situation. In 3-D baroclinic tide simulations, the barotropic to baroclinic tidal energy conversion rate can be as high as 25% of the incident barotropic tidal energy, e.g., in the Luzon Strait (Niwa and Hibiya 2004; Jan et al. 2008) .
coNcluSIoNS
A 1/12°, 2-D regional barotropic tide model with an accurate bottom topography was carefully tuned to simulate tides of fifteen constituents (Q 1 , O 1 , P 1 , K 1 , J 1 , OO 1 , 2N 2 , μ 2 , N 2 , ν 2 , M 2 , L 2 , T 2 , S 2 , and K 2 ) individually in the East Asian seas. The tidal sea levels composed by observed har- monic constants at ten coastal tide-gauge stations around Taiwan were also assimilated into the model to increase the accuracy of the simulated tidal sea levels and currents. The RMS differences of the tidal sea levels averaged over the other ten reference tide-gauge stations around Taiwan are 1.3, 0.7, 2.0, 1.6, 5.1, and 3.1 cm for the six major constituents O 1 , P 1 , K 1 , N 2 , M 2 , and S 2 , respectively. The most significant improvement of the simulated tidal sea level is on M 2 . For comparison, similar mean RMS differences to that of M 2 at the ten reference tide-gauge stations are 13.3 cm from NAO.99b and 18.4 cm from CSR4.0. The mean RMS difference for each of the fifteen constituents is generally smaller than that calculated using harmonic constants of NAO.99b and CSR4.0. The RMS difference of barotropic (U, V) averaged over the six bottom-mount ADCP stations is (0.92, 1.64), (1.17, 0.61), (3.88, 2.37), and (1.52, 1.20) cm s -1 for O 1 , K 1 , M 2 , and S 2 , respectively. These values and associated uncertainty are reasonable for tidal current simulation. Accordingly, a database (TWTIDE08) for tidal sea level and current harmonic constants of the fifteen constituents is established for further applications.
The tidal energetics derived from the model results indicate that the barotropic tidal energy in the seas around Taiwan is primarily supported by O 1 , K 1 , and M 2 . In comparison, M 2 possesses the largest energy flux in the northwest Pacific Ocean, the ECS shelf and the Taiwan Strait; while the energy fluxes of O 1 and K 1 are comparable to M 2 only in the Luzon Strait and the SCS, which are the major sources of energy supporting barotropic tides in the SCS. The energy flux also indicates that barotropic tidal characteristics in the Taiwan Strait are primarily controlled by the southward-propagating M 2 wave rather than the collision of two opposite waves in the middle reaches. The barotropic tidal energy of all the six constituents is mostly dissipated by bottom friction over the shallow shoal in the southern Taiwan Strait.
